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Objective: To analyze the spontaneous food intake and the nutritional parameters of patients with different degrees of chronic
renal insufficiency (CRI) at the onset of predialysis treatment.
Design: Cross-sectional.
Setting: Outpatient Clinic of the Nephrology Division of Federal University of Sa˜o Paulo, Brazil.
Subjects: The analysis involved 487 (187 women and 300 men) patients with moderate to advanced CRI who were evaluated in
the first visit to the clinic.
Results: Patients were divided according to creatinine clearance (CrCl) quartiles. CrCl in the first quartile was lower than
19.9 ml/min/1.73 m2 and in the fourth one was higher than 43 ml/min/1.73 m2. Energy intake was significantly (Po0.05) lower
in the first quartile when compared with the fourth one while protein intake estimated by protein equivalent of nitrogen
appearance (PNA) was significantly lower in the first, second and third quartiles in comparison with the fourth (Po0.05). Body
mass index (BMI) and percentage of ideal body weight were significantly decreased in the three lowest levels of renal function.
Standard per cent of triceps skinfold thickness was lower in the first quartile when compared with the fourth one. Compared
with the fourth quartile, standard per cent of midarm muscle circumference (MAMC) was lower in the second and in the third
quartile. CrCl correlated directly and significantly with PNA (r¼0.30; Po0.01), energy intake (r¼0.17; Po0.01), and MAMC
(r¼ 0.20; Po0.01). In a multiple linear regression analysis, controlling for energy and protein intake, CrCl correlated significantly
and positively with BMI and MAMC.
Conclusion: This study suggests that a spontaneous decrease in energy and protein intake as well as in anthropometric indices
follows a decline in renal function in patients with no previous dietary intervention.
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Introduction
Protein-energy malnutrition (PEM) is highly prevalent in
end-stage renal disease (ESRD) and indices of malnutrition
are powerful predictors of morbidity and mortality in this
population (Lowrie & Lew, 1990; Ikizler & Hakim, 1996;
Kopple et al, 1997; Stenvinkel et al, 1999). While there are
possibly multiple factors that contribute to the development
of PEM in ESRD patients, decreased protein and energy
intake caused by anorexia is certainly an important one. The
mechanism by which chronic kidney disease leads to a
decline in nutrient intake has not been completely defined.
Accumulation of uremic toxins, metabolic and hormonal
derangements, and comorbid conditions, may predispose
these patients to decreased appetite (Mitch & Maroni, 1999).
The degree of renal function at which anorexia initiates is
not well established. Few studies have reported the relation
between loss of renal function and the decline in dietary
intake with subsequent reduction in nutritional indices
(Ikizler et al, 1995; Kopple et al, 2000). As in the nondialysis
stage of chronic renal disease low-protein diets are frequently
prescribed, it is difficult to identify whether the decreased
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nutrient intake is because of the dietary restrictions or
because of anorexia. Therefore, an adequate moment to
evaluate the spontaneous food intake and its impact on
nutritional status is during the patient’s first medical and
nutritional visit to the nephrology clinic. Thus, in this study
we aimed to analyze the spontaneous food intake and the
nutritional status of patients with chronic renal insufficiency
(CRI) in relation to the levels of renal function at the onset of
treatment.
Subjects and methods
Studied population
This study was based on nutritional data collected from CRI
patients treated at the outpatient clinic of the Nephrology
Division at Federal University of Sa˜o Paulo. In this setting, a
prospective nutritional protocol is currently employed and
aims to evaluate and to monitor nutritional status of the
patients and to provide adequate dietetic advises concerning
protein, energy and mineral intake. Data are routinely
collected by dietitians trained for uniformity and accuracy
in the techniques in obtaining anthropometric and food
intake data.
The analysis included only data obtained in the first visit
of the patients to the clinic. At that moment, they had few or
no information about food restrictions concerning CRI. In
the period of 10 years, from January 1988 to December 1998,
the database included records from 574 patients. All
recorded patients were studied; there were no exclusion
criteria except for those with incomplete data in medical
records (n¼87). To exclude a possible selection bias, we
compared the excluded patients (n¼87) with the studied
population (n¼487). Except for age that was lower in the
group of patients excluded (49.1717.2 vs 53.4715.0 y;
Po0.03) the other parameters such as serum creatinine
(3.272.2 vs 2.971.5 mg/dl), creatinine clearance (CrCl;
34.8723.1 vs 34.1718.8 ml/min/1.73 m2), blood urea nitro-
gen (44.9728.6 vs 43.7720.3 mg/dl), body mass index (BMI;
25.074.8 vs 25.674.6 kg/m2), energy intake (104.7723.4 kJ/
kg/day (25.275.6 kcal/kg/day) vs 104.27 34.3 kJ/kg/day
(24.978.2 kcal/kg/day)), and protein equivalent of nitrogen
appearance (PNA; 0.9470.30 vs 0.9870.32 g/kg/day) were
not different. The main demographic characteristics and
primary diagnosis of the 487 patients studied are shown
in Table 1. Diabetes mellitus as a cause of renal insuf-
ficiency was observed in 135 patients and diabetes was also
present in 52 patients completing a total of 187 diabetic
patients.
Nutritional data
The anthropometric parameters analyzed were body weight,
height, triceps skinfold thickness (TSF) and midarm muscle
circumference (MAMC). BMI was calculated as body weight
divided by squared height. Percentage of ideal body weight
was calculated as the patient’s actual body weight multiplied
by 100 and divided by the ideal body weight of individuals of
the same height and frame size as reported in the
Metropolitan Life Insurance tables. TSF was measured using
Lange calipers (Cambridge Instrument, Cambridge, MD,
USA). These measurements were performed on the non-
dominant side of the body. MAMC was calculated using the
formula MAMC (cm)¼ arm circumference0.314TSF. Per-
cent standard of MAMC and TSF were obtained using the
National Health and Nutrition Examination Survey
(NHANES) percentile distribution tables adapted by Frisan-
cho (1981).
Dietary intake was evaluated from 3-day food diaries (3
week days) using a software developed at UNIFESP that
contains the United States of America Department of
Agriculture (1963) tables as the nutrient database. Energy
and protein intakes were expressed in relation to ideal body
weight.
To estimate protein intake, PNA was calculated according
to the formula of Sargent and Gotch (1979) using 24-h
urinary urea nitrogen excretion. From the entire sample, it
was possible to obtain PNA from 437 patients (89.7%).
Serum albumin concentration was measured in 238
patients (48.9%) using the bromocresol green technique.
Assessment of renal function
To evaluate glomerular filtration rate, standard CrCl (24-h
urine collection) corrected for the body surface area
(1.73 m2) was measured in 464 (95.3%) patients and
estimated in 23 patients (4.7%) using the formula of
Cockcroft and Gault (1976). Serum creatinine and serum
urea nitrogen were determined using a standard auto-
analyzer.
Statistical analysis
All data are expressed as mean7standard deviation (s.d.). In
order to analyze the influence of renal function on nutri-
tional indices, the population was divided according to CrCl
Table 1 Demographic characteristics and primary diagnosis of patients
with chronic renal insufficiency
N 487
Gender (F/M) 187 (38.4%)/300 (61.6%)
Age (y) 53.4715.0
Causes of CRI N (%)
Diabetes mellitus 135 (27.7)
Hypertension 123 (25.2)
Glomerulonephritis 50 (10.3)
Polycystic kidney disease 36 (7.4)
Tubulointerstitial disease 34 (7)
Lupus 12 (2.5)
Pyelonephritis 7 (1.4)
Undetermined 72 (14.8)
Other 18 (3.7)
Value7is mean7s.d.; CRIFchronic renal insufficiency.
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quartiles. Analysis of variance (ANOVA) and Duncan test
were used to compare the parameters according to the
quartiles. w2 test was employed to compare categorical
variables between the CrCl quartiles. Pearson’s correlation
coefficient was used to analyze the association between the
studied variables. Multiple linear regression analysis was
used to investigate the association between anthropometric
variables and CrCl, adjusting for protein and energy intake
obtained from 3-day food diaries. Models were constructed
with anthropometric parameters as dependent variables. To
search for violations of necessary assumptions in multiple
regression, normal plots of residual of regression models
were produced. Statistical significance was defined as
Po0.05.
Results
Demographic and clinical characteristics of the patients are
presented in Table 1. There was a predominance of males and
36% of the patients were more than 60 y old. The main cause
of CRI was diabetes (27.7%) followed by hypertension
(25.2%).
Dietary protein intake of all patients, determined from
PNA and from dietary diaries, was 0.9870.32 and
0.9570.36 g/kg/day, respectively. In 67.8 and 63.7% of the
patients, protein intake was higher than 0.8g/kg/day as
estimated from PNA or from dietary diaries, respectively. The
mean energy intake of all patients combined was
104.2734.3 kJ/kg/day (24.978.2 kcal/kg/day), BMI was
25.674.6 kg/m2 and serum albumin was 3.870.67 g/dl.
As shown in Table 2, each CrCl quartile comprised about
120 patients. CrCl in the first quartile was lower than
19.9 ml/min/1.73 m2 (lowest level) while in the fourth one it
was higher than 43 ml/min/1.73 m2 (highest level). There
was no difference regarding gender, age and presence of
diabetes among the CrCl quartiles. Moreover, the distribu-
tion of patients with diagnoses that potentially lead to
proteinuria such as diabetes, lupus or other glomerulone-
phritis was also not significantly different among the CrCl
groups.
As expected, mean serum creatinine and blood urea
nitrogen concentrations were significantly higher in the
lower CrCl quartiles. Table 3 shows that energy intake was
significantly lower in the first quartile when compared with
the fourth one. Protein intake, obtained by food diaries, was
significantly lower in the first and in the second quartiles
when compared with the fourth one, while PNA was
significantly lower in all three quartiles when compared
with the fourth one. The mean serum albumin concentra-
tion was not different among CrCl quartiles. Considering
anthropometric parameters, BMI and percentage of ideal
body weight were lower in the first three quartiles when
compared with the fourth one. Standard percent of triceps
skinfold were lower in the first quartile in comparison with
the fourth quartile. On the other hand, compared with the
fourth quartile, MAMC was lower in the second and in the
third quartile.
In the whole population, CrCl correlated directly with
PNA (r¼0.30; Po0.01; Figure 1); energy intake (r¼0.17;
Po0.01); protein intake (r¼0.21; Po0.01); and MAMC
(r¼0.17; Po0.01). Part of these correlations may be
explained by the fact that CrCl and dietary variables include
body weight in their calculations. To confirm these results,
we also analyzed the correlation between serum creatinine
with the same dietary parameters. Although weaker, sig-
nificant negative correlations were observed between serum
creatinine and PNA (r¼0.10; Po 0.05); energy intake
(r¼0.10; Po0.05) and protein intake (r¼0.11; P¼0.02).
PNA correlated directly with both midarm circumference
(r¼0.16; Po0.01) and TSF (r¼0.10; Po0.01).
In multiple regression analyses, CrCl, energy and protein
intake were independent predictors of BMI and MAMC
(Table 4). In these analyses, the partial correlation coefficient
of CrCl with both BMI and MAMC did not change
significantly after the inclusion of energy and protein
intakes in the models.
Discussion
The results of this study indicate that in patients with CRI, as
renal function decreases, there is a reduction in energy and
protein intake with repercussion on nutritional parameters.
In fact, CrCl was positively correlated with both energy and
protein intakes. The analysis of this population according to
Table 2 Demographic, clinical and biochemical parameters according to the creatinine clearance quartiles
Creatinine clearance quartiles (ml/min/1.73 m2) 1st o19.9 2nd 20–29.9 3rd 30–42.9 4th Z43
N 115 127 119 126
Male gender n (%) 70 (60.9) 78 (61.4) 64 (53.8) 88 (69.9)
Age (y) 54.2713.7 52.4716.8 52.8715.7 54.0713.8
Presence of diabetes n (%) 44 (38.2) 48 (37.8) 39 (32.7) 56 (44.4)
Creatinine clearance (ml/min/1.73 m2) 14.773.5* 24.872.8 35.673.9 58.9716.2
Serum creatinine (mg/dl) 4.871.7* 3.170.8 2.270.6 1.670.5
Blood urea nitrogen (mg/dl) 60.0718.8* 49.8720.0 38.0713.7 28.4712.2
Values7are mean7s.d.
*Po0.05 as compared with 2nd, 3rd and 4th quartile.
Nutrition and renal function
MR Duenhas et al
1475
European Journal of Clinical Nutrition
CrCl quartiles gives support to this assumption. In the first
quartile of renal function (CrClo19.9 ml/min), food con-
sumption and anthropometric parameters were significantly
lower than those observed in the fourth one (CrClZ43 ml/
min). Two other observational studies have addressed this
issue (Ikizler et al, 1995; Kopple et al, 2000). In a prospective
study with minimal dietary interventions, Ikizler et al (1995)
demonstrated that the decline in renal function was
accompanied by a decrease in protein intake. In the baseline
period of the Modification of Diet in Renal Disease (MDRD)
study, a cross-sectional analysis showed a direct correlation
between glomerular filtration rate and nutritional status that
is, patients with low glomerular filtration rate had lower
protein and energy intake, and decreased anthropometric
parameters (Kopple et al, 2000). Some findings were similarly
observed in the MDRD study and in the present one;
however, there were differences comparing the populations
studied. Our sample might be considered more representa-
tive of the CRI population than that of the MDRD as diabetic
patients and clinically nonstable patients were also included.
It is of note that conditions that could influence nutritional
status, such as gender, age and the presence of diabetes
mellitus were not different comparing the four quartiles
of CrCl allowing, therefore, an adequate comparative
analysis.
In the present study, as in the studies mentioned above,
the decrease in energy and protein intakes occurred
spontaneously, as patients had not been previously sub-
mitted to dietary interventions. This indicates that anorexia
may play an important role in the reduction of food intake
with the progression of CRI. The factors implicated with
anorexia are not well defined. Several uremic toxins
accumulated in the course of CRI have been proposed, but
until the present moment none has been completely
identified (Anderstam et al, 1996).
The level of protein intake was lower in the first three
quartiles of CrCl when compared with the fourth one.
Although the mean protein intake value observed in the first
quartile was within the range considered adequate to
maintain neutral nitrogen balance, a direct correlation was
found between PNA and both MAMC and TSF suggesting
that a decrease in protein intake is associated with a
reduction of anthropometric parameters in this population.
Moreover, energy intake in all quartiles was far below the
recommendation (NKF-K/DOQI, 2000), what suggests that
anorexia can initiate early in the course of renal failure.
However, we cannot exclude some degree of underestima-
tion of food intake (Martin et al, 1996) or a voluntary
Table 3 Nutritional parameters according to the creatinine clearance quartiles
Creatinine clearance quartiles
(ml/min/1.73 m2) 1st o19.9 2nd 20–29.9 3rd 30–42.9 4th Z43
N 115 127 119 126
Energy (kJ/kg/day) 98.4733.1* 102.1730.1 106.7734.7 108.4738.5
(kcal/kg/day) (23.577.9) (24.477.2) (25.578.3) (25.979.2)
Protein (g/kg/day) 0.8870.33* 0.9170.29* 0.9970.37 1.0470.42
PNA (g/kg/day) 0.8470.29* 0.9370.29* 0.9670.29* 1.1570.34
(n=104) (n=112) (n=107) (n=114)
Albumin (g/dl) 3.870.58 3.870.72 3.870.63 3.870.72
(n=63) (n=63) (n=41) (n=71)
BMI (kg/m2) 25.074.2* 25.374.9* 25.074.4* 27.174.7
% Ideal BW 110.0716.6* 110.5719.1* 110.7718.1* 117.9719.0
TSF (%) 97.4742.7* 104.0748.0 100.0747.5 111.4752.8
MAMC (%) 94.7715.6 92.6711.4* 93.6712.1* 96.9711.4
Values7are mean7s.d.
PNA, protein equivalent of nitrogen appearance; BMI, body mass index; BW, body weight; TSF, percent standard of triceps skinfold thickness; MAMC, percent
standard of midarm muscle circumference.
*Po0.05 as compared with the 4th quartile.
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Figure 1 Relation between creatinine clearance and protein
equivalent of nitrogen appearance (PNA).
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decrease in energy intake in obese patients. Anyway,
considering 146.5 kJ/kg/day (35 kcal/kg/day) as the recom-
mended level, the mean deficit in energy intake was higher
in the first quartile (48.1 kJ/kg/day; 11.5 kcal/kg/day) as
compared with the fourth one (38.1 kJ/kg/day; 9.1 kcal/kg/
day). Reduced energy intake is associated with negative
nitrogen balance even when sufficient amounts of protein
are provided (Kopple et al, 1986). In our study, with a mean
protein intake in the recommended level in all quartiles,
anthropometric parameters such as BMI, TSF and MAMC
were significantly reduced in the lower quartiles of CrCl.
This finding suggests that the observed low-energy intake
might be a factor in the decline of nutritional indices,
although no significant correlations were observed between
energy intake and anthropometric parameters. The misre-
port of food intake might be implicated in the lack of
correlation between these variables. The role of energy
intake in maintaining the nutritional status was demon-
strated in a short-term study with nondialyzed CRI patients
under controlled conditions. In that report, it was shown
that even with a restricted protein diet (0.6 g/kg/day) the
decline of the nutritional parameters was observed only
when the energy intake decreased from 146.5 kJ/kg/day
(35 kcal/kg/day) to 104.7 kJ/kg/day (25 kcal/kg/day) (Kopple
et al, 1986). Although the reduction of dietary intake has an
important role in the decrease of anthropometric para-
meters, the loss of renal function may exert an additional
effect on those indices. In multiple regression analysis, CrCl,
energy and protein intakes were independent predictors of
anthropometric parameters; however, the strength of the
correlation between CrCl and both BMI and MAMC was not
attenuated by dietary intake. This finding suggests that
factors related to the loss of renal function other than
anorexia are important to the deterioration of the nutri-
tional condition. These results differ somewhat from those
found in the MDRD study, where the relation between
nutritional parameters and glomerular filtration rate were
markedly reduced after controlling for protein and energy
intake (Kopple et al, 2000).
Malnutrition at the initiation of dialysis has been im-
plicated in poor outcome and higher morbidity and
mortality risk (Hakim & Lazarus, 1995; Holland & Lam,
2000). Therefore, preventing and treating malnutrition is of
particular importance for predialysis patients. Intensive
dietary counseling associated with clinical interventions to
treat early, catabolic conditions such as acidemia, insulin
resistance, inflammatory state and comorbidities seem to be
important to prevent malnutrition.
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